Abstract The interleukin-21 (IL-21) protein was found to be expressed at an elevated level in clinical samples of colorectal cancer patients without or with a parasitic infection that were collected from Sudan in our previous study. The IL-21 gene in HT29 and HCT116 cells was then correlated to cell proliferation and cell migration, as well as the cellular mechanisms associated with gene expressions in our present study. Our results demonstrated that silencing the IL-21 gene in HCT116 cells increased the cytotoxic level and fibroblast growth factor-4 (FGF4) mRNA expression in the cancer cells. Moreover, specific gene silencing reduced the migration of cancer cells compared to non-silenced cancer cells. These events were not observed in IL-21-silenced HT29 cells. Neutralizing FGF4 in conditioned medium of IL-21-silenced HCT116 cells further increased the cytotoxic level and restored the migratory activity of HCT116 cells in the culture compared to silencing the IL-21 gene alone in the cancer cells. Our results indicate the importance of both silencing the IL-21 gene and co-expression of the FGF4 protein in HCT116 cells, which pave the way for the discovery of important factors to be used as biomarkers for the design of drugs or cost-effective supplements to effectively treat the patients having infectious disease and HCT116 cells of colorectal cancer simultaneously in the future.
Introduction
Infectious disease is apparently related to inflammation, where inflammatory cells produce potential genotoxic mediators, such as reactive oxygen, nitrogen species and pro-inflammatory cytokines that may cause genomic instability, dysregulation of oncogenes and oncosuppressor genes during infection (Herrera et al. 2005; Trakatelli et al. 2005) . The mutation of these molecular disturbances leads to the progression of dysplasia and carcinoma. Another factor that might play a significant role in colorectal carcinogenesis in infected patients is the existence of concomitant enterobacterial infections in the host. In both clinical and experimental studies, various strains of Enterobacteriaceae have been described in association with tropical infection disease, such as schistosomes, which grant a survival advantage to bacteria by inducing immune suppression (Chieffi 1992) . Some of these organisms can stimulate colorectal carcinogenesis through multiple pathways, such as the production of reactive oxygen intermediates, dysregulation of the T cell response and modification of the host epithelial carbohydrate expression (Hope et al. 2005) .
There is a significantly higher rate of synchronous tumours in patients with Schistosoma spp. colorectal cancer than in patients with spontaneous colorectal cancer in an endemic population (Madbouly et al. 2007 ). This phenomenon can be due to the infection that is caused by chronic Schistosomal inflammation throughout the colon and rectum, an event that is similar to that described in the case of the colitisassociated cancer patient. Chronic intestinal inflammation, on the other hand, is a well-known risk factor for colorectal cancer progression (Jess et al. 2012) . The chronic inflammatory response provoked by schistosome antigens provides the proliferative motivation that is necessary to promote cancer growth from potentially malignant foci by other carcinogens (Ming-Chai et al. 1980) . The increase in the epithelial cell proliferation post-infection probably contributes to carcinogenesis, but it is insufficient to cause cancers alone. Our present study found a high level of interleukin-21 (IL-21) protein in the serum of colorectal cancer patients infected with S. mansoni. Hence, the involvement of this protein in cell proliferation and other mechanisms of colorectal carcinogenesis are studied.
IL-21 is a cytokine produced by CD4 T-cells and natural killer T (NKT) cells (Parrish-Novak et al. 2000; Coquet et al. 2007 ). It targets a broad range of immune cells within both the lymphoid and myeloid lineages (Spolski and Leonard 2008) . This cytokine also increases anti-tumour activity in various mouse models (Leonard and Spolski 2005) , suggesting that IL-21 bridges the innate and adaptive immune responses (Collins et al. 2003) . IL-21 influences cell differentiation, cell fate, cell proliferation and the survival of diverse immune cell subsets (Kesselring et al. 2012) . It also plays a prominent role in tumour growth and immune surveillance of colitis-associated tumourigenesis. In addition, this cytokine controls the balance between T-helper type 17 (Th17) and T-helper type 1 (Th1) cell subsets, and is necessary for the homeostasis of a tumour-supportive microenvironment characterized by extensive infiltration of Th17 cells. Secretion of this Th17 cell-associated cytokine leads to the induction of chemokines, matrix metalloproteinases and antimicrobial peptides in the surrounding tissue, leading to inflammation, and the recruitment of neutrophils and macrophages that may lead to cancer development.
Our study aimed to investigate the role of IL-21 in colorectal cancer cells by performing specific gene silencing using small interfering RNA (siRNA) in colorectal cancer cells. Cell proliferation and other cellular activities post IL-21 gene silencing of the cancer cells were then investigated. Although our contribution may be small, it is believed that by studying IL-21 in-depth, the molecular targets associated with the parasitic infection and inflammation can be better understood for the improved design of drugs or cost-effective supplements. Japan and the coastal plain of the People's Republic of China have been successfully freed from schistosomiasis over the last two decades (Olveda et al. 2014 ). However, countries in South East Asia, such as the Philippines have not experienced similar success in eliminating this dreaded disease because of health education and research, efforts towards environmental modification and improvement remain lacking. Moreover, the countries are burdened with the flood, which tends to contaminate river water and other sources of water with the infective-stage cercariae (Leonardo et al. 2016) . Therefore, more studies should be conducted to understand better this neglected tropical disease that is molecularly associated with colorectal cancer in an endemic population to enable the improved design of drugs or supplements that are affordable in the region.
Materials and methods
Silencing IL-21 gene in colorectal cancer cells by siRNA A mouse specific lyophilized IL-21 siRNA reagent system (Santa Cruz Biotechnology, Dallas, TX, USA) was used to silence the IL-21 gene in HT29 and HCT116 cells. Each cell line was seeded in 6-well culture plates at a density of 2 9 10 5 cells per well in 2 ml of antibiotic-free DMEM supplemented with 10% FBS. The culture was incubated at 37°C in a humidified atmosphere of 5% (v/v) CO 2 until the cells reached 80% confluence. To carry out the transfection, Solution A was prepared by diluting 4 lL of fluorescein-conjugated IL-21 siRNA duplex with 100 lL of siRNA transfection medium, whereas Solution B was prepared by diluting 6 lL of siRNA transfection reagent (as optimized in our previous study) with 100 lL of siRNA transfection medium. Solution A was then added directly to Solution B and was mixed gently by pipetting. The mixture was incubated at room temperature for 15-45 min. Each cell line was then washed with 2 ml of siRNA transfection medium. The mixture of Solution A and Solution B was then added to 800 lL of siRNA transfection medium. The mixture was mixed gently and overlaid onto the washed cells. The transfection reaction was incubated at 37°C for 72 h in a CO 2 incubator. The efficacy of specific gene silencing was examined using a fluorescence microscope, whereas the IL-21 protein level in the silenced cells was further confirmed by Western blotting. The IL-21-silenced cells were then subjected to fibroblast growth factor-4 (FGF4) analysis by realtime PCR.
Analysis of FGF4 mRNA expression in IL-21-silenced colorectal cancer cells by real-time PCR
The old growth medium of the culture of IL-21-silenced colorectal cancer cells, as prepared above, were discarded and the cells were subjected to RNA extraction using the RNeasy Mini Kit (QIAGEN, Valencia, CA, USA). The concentration of extracted total RNA was determined using a NanoPhotometer, whereas the integrity of extracted RNA was checked using 1% (w/v) agarose gel electrophoresis. The good quality of extracted total RNA was reverse transcribed to cDNA using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Basingstoke, England, UK) and the product of reverse transcription (cDNA) was kept at -20°C until it was used for the analysis of gene expression by real-time PCR. The specific primers were designed for quantitative amplification of the internal control gene and FGF4 using Primer Express 2.0 software (Applied Biosystems, Foster, CA, USA). Forward b-actin:
0 . Real-time PCR was performed using the Power SYBR Ò Green PCR Master Mix (Applied Biosystems, Foster, CA, USA) and a 7500 Fast Real-Time PCR System (Applied Biosystems, Foster, CA, USA). For this, a volume of 12.5 lL of 2 9 SYBR Green PCR Master Mix, 20 pmol of each forward and reverse primer and 5 lL of cDNA (25 ng) were mixed as a reaction. A sufficient volume of deionized water was added to the mixture to bring the volume of the reaction to 25 lL. The thermocycler program was carried out as follows: 50°C for 3 min and 95°C for 5 min as the short hotstart, followed by 35-40 cycles of 95°C for 10 s for denaturation, annealing and extension steps at 60°C for 30 s. Finally, the melting curve of each amplicon was generated with 1°C temperature increments from 72 to 95°C. All the reactions were performed in triplicate and included 3 non-template reactions as negative controls. Data analysis was carried out according to the manufacturer's instructions. The experiment was repeated at least twice. The mRNA expression level of the target gene was normalized to that of b-actin in the test sample. Thereafter, the fold change of the target gene mRNA expression level was calculated using the 2 -DDCt method (Livak and Schmittgen 2001) .
Cytotoxic effect of IL-21-silenced HCT116 cells in growth medium without or with FGF4 neutralizing antibody by colourimetric LDH cytotoxicity assay
Quantitative cytotoxicity was performed in IL-21-silenced colorectal cancer cells using the Lactate Dehydrogenase (LDH) Cytotoxicity Assay Kit (BioVision, Milpitas, CA, USA), based on the measurement of LDH activity released from damaged cells in the culture supernatant. HT29 and HCT116 cells were first transfected with IL-21 siRNA, as described above. Thereafter, the transfected cells were harvested and the cell suspension was adjusted to a suitable concentration with 10% growth medium and seeded into a 24-well plate. The cultures were incubated in growth medium without or with FGF4 neutralizing antibody at 37°C in a humidified atmosphere of 5% (v/v) CO 2 . A volume of 100 lL of culture medium was withdrawn at 24, 48 and 72 h of incubation for LDH activity measurement, according to the manufacturer's instructions. The culture medium was transferred to a flat-bottomed 96-well plate and 100 lL of the mixture of lactate and tetrazolium salt was added to each well in triplicate. The plate was incubated at room temperature in the dark for 30 min. The absorbance reading of all the reactions was measured at 490 nm and the reference wavelength of 620 nm was used for the measurement using an ELISA microplate reader. The percentage cytotoxicity was calculated as follows:
Cytotoxicity (%) = [(Test sample -Low control)/ (High control -Low control)] 9 100
• Low control denotes the absorbance of the medium from a culture without the addition of any substance.
• High control denotes the absorbance of the medium from a culture in which the cells were treated with 1% (v/v) Triton X-100 to release 100% of the available LDH.
Cell migration of IL-21-silenced HCT116 cells in growth medium without or with FGF4-neutralizing antibody by wound healing assay
The scratch-wound cell migration assay was conducted to determine the migration of IL-21-silenced HCT116 cells based on the repopulation of wounded culture. Non-silenced HCT116 cells were used as the control for this part of the study. In the process, the cancer cells were seeded in a 24-well plate at a density of 1 9 10 5 cells per well. The cultures were incubated at 37°C in a humidified atmosphere of 5% (v/v) CO 2 until the cells reached 80% confluence, such as after 24 h. The cultures were then subjected to the silencing of IL-21 for 72 h. The cultures were maintained in growth medium without or with the FGF4 neutralizing antibody. A scratch on the culture (wound) was made using a yellow pipette tip. The cell debris was removed and fresh medium in the culture was replaced. The wound of each culture was photographed after 0, 24, 48 and 72 h. Image J software (National Institutes of Health, Bethesda, MD, USA) was used to measure the wound closure of each culture at each time point by averaging 3 individual measurements. Each measurement was performed in triplicate and was repeated in at least 2 independent experiments. Analysis of FGF4-related gene mRNA expression in IL-21-silenced HCT116 cells by real-time PCR The same cDNA used for FGF4 mRNA expression analysis was used for the analysis of gene expression related to FGF4 by real-time PCR. The specific primer design and the real-time PCR were performed as above. All primers used for the real-time PCR are listed in Table 1 . The same internal control was used for the analysis. All the reactions were performed in triplicate and included three negative controls as above. Data analysis was performed according to the manufacturer's instructions. The experiment was repeated at least twice. The expression level of each target gene was normalized to that of the b-actin in the test sample. Thereafter, the fold change of the target gene expression level was calculated using the 2 -DDCt method, as described above.
Statistical analysis
GraphPad Prism 6.0 Software (GraphPad Software Inc., USA) was used for statistical analyses. Data were analysed using paired and unpaired Student's t tests. One-way analysis of variance (ANOVA) was performed to estimate the statistical significance of the data. A P value less than 0.05 was reported as statistically significant. Figure 1a presents a high efficacy of specific gene silencing at protein level, where the level of IL-21 protein expression was significantly decreased in both IL-21-silenced HT29 and HCT116 cells. Only faint protein bands were detected in the specific genesilenced colorectal cancer cells compared with the non-silenced colorectal cancer cells. In statistical analysis, the level of IL-21 protein in IL-21-silenced HT29 cells was decreased from 0.74 units to 0.38 units (P \ 0.01), whereas the level of IL-21 protein in IL-21-silenced HCT116 cells was decreased from 0.53 to 0.34 units (P \ 0.05) (Fig. 1b) .
Results

IL-21 gene-silenced colorectal cancer cells
FGF4 mRNA expression in IL-21 gene-silenced HT29 and HCT116 cells Figure 2 shows the FGF4 mRNA expression after IL-21 silencing in HT29 and HCT116 cells. The analysis showed no significant differences in the mRNA expression of FGF4 in IL-21-silenced HT29 cells, but up-regulation of FGF4 mRNA expression in IL-21-silenced HCT116 cells, compared with that of the control. The mRNA expression of FGF4 was observed to be significantly up-regulated to a 2.18-fold change (P \ 0.05) in IL-21-silenced HCT116 cells compared with that of the control. Therefore, only IL-21-silenced HCT116 cells were studied in subsequent experiments.
Cytotoxic effect of IL-21-silenced HCT116 cells in growth medium without or with FGF4-neutralizing antibody
The role of IL-21 in the cytotoxic effect or proliferation of HCT116 cells was determined in the growth medium without or with the FGF4-neutralizing antibody. The LDH assay revealed an increase in the cytotoxic effect post-silencing the IL-21 gene in HCT116 cells for 48 and 72 h (Fig. 3) . The increase in the cytotoxic effect of IL-21-silenced HCT116 cells in growth medium without or with the FGF4-neutralizing antibody at 48 h of cultivation was significant (20.9%, P \ 0.01) compared with that of the nonsilenced HCT116 cells (6.8%). The percentage cytotoxicity of the IL-21-silenced HCT116 cells was increased further when the silenced cancer cells were incubated in the growth medium without or with the FGF4-neutralizing antibody for 72 h, whereby the percentage cytotoxicity of IL-21-silenced HCT116 cells incubated without or with FGF4-neutralizing antibody was 30.8% (P \ 0.001) and 38.5% (P \ 0.01), respectively, compared with that of the control (11.6%). Comparison of the percentage cytotoxicity in the IL-21-silenced HCT116 cells in the growth medium without and with the FGF4-neutralizing antibody was also significant (P \ 0.05) at 72 h of cultivation. Therefore, silencing IL-21 induces cytotoxicity and was more influenced by FGF4 Reverse 5 The assay revealed that the wound, which was 100% of the length of scratch, was not fully covered in IL-21-silenced HCT116 cells at the end of the assay compared with that of the non-silenced HCT116 cells. The wound of non-silenced HCT116 cells and IL-21-silenced HCT116 cells remained 38.8 and 76.9%, respectively, at 72 h following the assay (Fig. 4a) . However, the wound of the IL-21-silenced HCT116 cells was covered and left only 44.2% at 72 h following the process when the specific gene-silenced colorectal cancer cells were cultivated in the growth medium that contained FGF4-neutralizing antibody. In brief, a relatively slower invasion rate was observed in IL-21-silenced HCT116 cells than in non-silenced HCT116 cells (P \ 0.01) (Fig. 4b) , whereby FGF4 was expressed in the IL-21-silenced HCT116 cells as detected by real-time PCR. However, HCT116 cells returned active when IL-21-silenced HCT116 cells were incubated in the growth medium that contained the FGF4-neutralizing antibody (P \ 0.01), indicating that neutralizing FGF4 in the conditioned medium restored the migratory activity of the IL-21-silenced HCT116 cells. Therefore, reduced expression of IL-21 and co-expression of FGF4 are required to reduce the migration of HCT116 cells.
FGF4-related gene mRNA expressions in IL-21-silenced HCT116 cells maintained in growth medium without or with FGF4-neutralizing antibody Figure 5 shows the FGF4 and IL-21-associated mRNA expressions that could be correlated with cellular mechanisms in HCT116 cells quantitatively. When only IL-21 was silenced in the cells, the effects on the reduction of cell proliferation and cell migration were observed. The mRNA expression of HCT116 cells after silencing IL-21 showed significant down-regulation of caspase-9 (0.53-fold, P \ 0.05) compared with that of the control cells, indicating that no apoptosis was induced following the specific gene silencing. The analysis also showed significant up-regulation of IL-6 (1.73-fold, P \ 0.05) and IL-17 (1.89-fold, P \ 0.05) in the IL-21-silenced HCT116 cells. Therefore, IL-6 and IL-17 may play important roles in the reduction of cell proliferation and cell migration of IL-21-silenced 
Discussion
Our study demonstrated that the IL-21 gene was silenced in HT29 and HCT116 cells, whereby the specific gene protein expression was reduced. However, only FGF4 mRNA expression was observed to be significantly up-regulated in the IL-21-silenced HCT116 cells. The percentages cytotoxicity in IL-21-silenced HCT116 cells were observed to increase significantly and continued to be up-regulated when IL-21-silenced HCT116 cells were maintained in the growth medium with an FGF4-neutralizing antibody.
Silencing the IL-21 gene for 72 h revealed the inhibition of cell migration in HCT116 cells. However, cell migration was restored when the FGF4 in the conditioned medium was neutralized. Real-time PCR analysis revealed that TGFa, CCL5, IL-6, IL-13 and IL-17 were a group of genes that may play important roles in FGF4 and IL-21-associated proliferation and migration of HCT116 cells. This study clarified the potential role of IL-21 that IL-21 may play in the patients who were diagnosed with the progression of colorectal cancer and schistosomiasis. The initial study conducted by a team at the Tropical Medicine Research Institute (TMRI) in Sudan showed up-regulation of the IL-21 protein level in colorectal cancer patients with schistosomiasis. This phenomenon increased the potential role of IL-21 in the patients who were diagnosed with colorectal carcinogenesis during chronic inflammation by infection. IL-21 was recently characterized as a Th2 cytokine that inhibited the differentiation of naïve T helper cells into IFN-c-producing Th1 cells (Wurster et al. 2002) and played an indispensable role in the pathogenesis of the disease in infections (Wynn 2004;  Fig. 3 Percentage (%) cytotoxicity in IL-21-silenced HCT116 cells cultivated in growth medium without or with FGF4-neutralizing antibody for 24, 48 and 72 h. Three replications were carried out in at least 2 independent experiments. The data are represented as the mean ± SD (n = 3); *P \ 0.05 and **P \ 0.01 Pearce and MacDonald 2002) . IL-21 also plays a pathogenic role in many chronic inflammatory processes that are associated with an enhanced risk of cancer (Monteleone et al. 2009 ). This relationship indicates the role of IL-21 in the development of colorectal cancer in patients with parasitic infection. The study by Mantovani et al. (2008) revealed that chronic inflammation is a major driving force for the initiation and progression of tumours in many tissues.
There is an increased risk of colon cancer, which is related to the duration, extent and severity of inflammatory disease (Rutter et al. 2004; Gupta et al. 2007) . A study of IL-21 in colorectal cancer and parasitic infections (Schistosoma mansoni and Nippostrongylus brasiliensis) indicated that IL-21R deficiency had a profound effect on the progression of schistosomiasis The data are expressed as the mean ± SD (n = 3); **P \ 0.01 (John et al. 2006 ). The egg-induced inflammatory response was decreased significantly in mice without IL-21R as compared to that of the wild-type mice. A marked reduction in secondary granuloma formation and a faster resolution of primary granulomas in the lung were also observed in IL-21R deficient mice. This phenomenon demonstrated the importance of IL-21R in granulomatous inflammation. Another study by Kesselring et al. (2012) clearly showed that IL-21 had a prominent function in tumour growth and the immune surveillance of colitis-associated tumourigenesis. Consequently, our study is consistent with previous reports that indicate patients diagnosed with colorectal cancer and schistosomiasis produce a higher level of IL-21 than that in schistosomiasis patients only or in patients who are solely diagnosed with colorectal cancer only, clarifying the role of IL-21 in the development of colorectal cancer in schistosomiasis patients.
Evidence has indicated that the overexpression of IL-21 in tumour cells suppresses tumour growth through enhanced antitumour immunity (Skak et al. 2008) . However, like many other cytokines, IL-21 has opposed functions on the growth of tumours, depending on the tissue context and local immune activation.
Intestinal cytokine networks are critical mediators of tissue homeostasis, inflammation and tumourigenesis. In colorectal cancer, established cytokines, such as IL-21, promote several key hallmarks of cancer, including resistance to apoptosis, irregular growth, proliferation, induction of genetic instability, angiogenesis, invasiveness and metastasis (West et al. 2015) .
In this study, the role of IL-21 in HCT116 cells that may be associated with schistosomiasis were investigated by silencing the IL-21 gene using a specific IL-21 siRNA. Silencing the IL-21 gene reduced the proliferation and inhibited the migration of HCT116 cells. Thus, IL-21 may be an attractive target for preventing and treating colorectal cancer that is associated with parasitic infection. IL-21 has been used as a molecular target for the development of strategies to treat human cancers. IL-21 processes antitumour activity in several different preclinical tumour models, including plasmid gene delivery, tumour cell secretion and in study models that are enhanced by foreign antigens, vaccines and adoptively transferred tumour-specific lymphocytes (Davis et al. 2009) . By contrast, studies in mice showed that IL-21 has a prominent function in tumour growth, whereby it induces tumour cell proliferation, limiting the tumour immune surveillance of colitis-associated colorectal cancer and resulting in extensive tumour growth (Kesselring et al. 2012 ). This phenomenon is supported by an in vitro study of the role of IL-21 in the development of colorectal cancer progression and proliferation. The data collected from the LDH cytotoxicity assay of our study indicated that IL-21 silencing displayed an inhibitory property on the growth of HCT116 cells. This result is similar to a recent finding in colitisassociated colon cancer that indicated the absence of IL-21 induced apoptosis of tumour cells, activated the tumour immune surveillance and led to limited tumour growth (Kesselring et al. 2012) . The cytotoxic effect detected in the IL-21-silenced HCT116 cells in our study was more influenced when the IL-21-silenced HCT116 cells were maintained in the growth medium that contained the FGF4-neutralizing antibody, though the cytotoxic level observed to be less than 40%. This phenomenon indicates that both silencing the IL-21 gene in HCT116 cells and neutralizing the FGF4 in HCT116 cell conditioned medium increases the cytotoxic level of HCT116 cells, compared to silencing the IL-21 gene alone in HCT116 cells, though both modifications remained insufficient to induce apoptosis in the cancer cells.
Despite the reduction in proliferation, our results also showed that IL-21 was highly involved in the migration of HCT116 cells. Silencing IL-21 by siRNA caused HCT116 cells to lose their response to cell migration. Measurement of the rate of cell migration revealed that the wound was never covered by the process of healing after 72 h compared with the nonsilenced colorectal cancer cells. This research finding supports the hypothesis proposed by Wang et al. (2015) in breast cancer cells that silencing IL-21 in MDA-MB-231 cells persuades an anti-invasive activity in the cells. IL-21 can bind to other receptors that induce the invasive and healing processes (Habib et al. 2002; Zeng et al. 2005) . Although the inhibition of cell migration detected in our study was observed in the IL-21-silenced HCT116 cells, the activity of cell migration is restored when the FGF4-neutralizing antibody is added to the conditioned medium of IL-21-silenced HCT116 cells. Therefore, IL-21 gene silencing and FGF4 protein expression in conditioned media are required for the inhibition of cell migration in HCT116 cells. Exclusion of the FGF4 protein expression is the factor that must be considered to design new drugs or supplements for infectious colorectal cancer treatment, as it restores the migratory activity of the cancer cells. Indeed, the effect of FGF4 protein inhibition is more effective when the strategy is replaced with inhibitor.
FGF4 is a member of the FGF superfamily of proteins that is involved in various stages of embryonic development (Kosaka et al. 2009 ). FGF4 is well known, in turn, to have a direct or indirect association with the induction of apoptosis (Hirai et al. 2004; Pradhan et al. 2004) . The role of FGF4 in inducing apoptosis in colorectal cancer has not been reported previously. However, a similar study can be found in the studies of other cancers. For example, many studies in multiple myeloma (MM) have shown that FGFR3 inhibition by antagonistic antibodies or smallmolecule inhibitors causes reduced proliferation and increased apoptosis of FGFR3-positive MM cell lines (Trudel et al. 2004; Grand et al. 2004a, b; Trudel, et al. 2005 Trudel, et al. , 2006 . Our results showed significant upregulation of the FGF4 mRNA expression in HCT116 cells after the IL-21 gene was silenced, this gene plays an important role in the proliferation and migration of cancer cells only as indicated in the study because no apoptosis was induced in IL-21-silenced HCT116 cells. The reduction in the proliferation and inhibition of migration in IL-21-silenced HCT116 cells was likely also regulated by the mRNA expression of the group of genes identified in IL-21-silenced HCT116 cells from this study.
The mRNA expression of IL-17, which was shown to be significantly up-regulated in IL-21-silenced HCT116 cells, may also be correlated with the reduction of cell proliferation, whereby the reduction was more prominently observed with continuous upregulation of IL-17 mRNA expression when the cells were maintained in growth medium containing FGF4-neutralizing antibody. IL-17 is a pleiotropic proinflammatory cytokine that promotes cancer-elicited inflammation and prevents cancer cells from immune surveillance (Dang et al. 2013 ). Our result demonstrated that silencing IL-21 in HCT116 cells induced a high level of IL-17 in the cells compared with that of the control cells. This result is opposed to the previous result in colitis-associated colorectal cancer (Kesselring et al. 2012) . The study reported that the absence or low level of IL-21 induced the progression of colorectal cancer in an adoptive transfer model while promoting an immune response characterized by a high level of IL-17. This result may also be due to the alternative functions of IL-17 and IL-21 in cancer cells. Furthermore, IL-17 is considered to be an advocate for the development of colorectal cancer, although this statement is controversial (Dang et al. 2013) . For the detection of colorectal cancer patients who are with schistosome infection at an early stage, in which the disease can be treated more effectively, further studies are warranted to explore the correlation of IL-21 with the identified group of genes and proliferation in HCT116 cells, e.g. the mRNA expressions of TGFa, CCL5, IL-13 and IL-6 may also be correlated with the further reduction of proliferation in IL-21-silenced HCT116 cells in the medium with a neutralizing FGF4 antibody. Perhaps, the efficacy and sustainability of specific gene silencing at mRNA level should also be investigated before other cellular mechanisms are explored.
In conclusion, compelling epidemiological data, immuno-pathological data and molecular features of infectious colorectal cancer describe a possible role for chronic infection in promoting the carcinogenesis of colorectal cancer. The similarities to colitis-induced carcinoma point to inflammation as a key factor in the carcinogenic process in the present study. We also indicate that both silencing the IL-21 gene in the HCT116 cells and neutralizing the FGF4 in conditioned medium of the cancer cells increases the cytotoxic level and restores the migratory activity of HCT116 cells compared to silencing the IL-21 gene alone. Therefore, these factors may be considered for future drug and supplement design to treat schistosomiasis patients with colorectal cancer effectively.
